Summary We investigated the prognostic significance of Helix pomatia lectin (HPA) staining on disease-free and overall survival in 120 primary breast carcinomas. HPA staining was present in 58 (48%) of these carcinomas. It was significantly associated with axillary lymph node metastases (P<0.001) and c-erbB-2 expression (P<0.01). A univariate study revealed that disease-free and overall survival were significantly correlated with clinical stage, tumour size, axillary lymph node metastases. HPA staining and c-erbB-2 expression. In a multivariate study, all previous prognostic indicators except HPA staining and c-erbB-2 expression were independent factors. However, stratifying the patients on the basis of HPA and c-erbB-2 status suggested that HPA+/c-erbB-2+ status was predictive of a higher incidence of axillary lymph node metastases (P = 0.000001) and a poorer overall (P <0.0002) and a shorter disease-free (P <0.000006) survival when compared with the other subgroups, although this combination did not provide any additional progostic information for overall (P = 0.3544) or disease-free (P = 0.7152) survival by a multivariate analysis. For patients in whom axillary lymph node dissection has not been performed, therefore, HPA and c-erbB-2 status seems to be a powerful tool to discriminate subpopulations with a high recurrence risk and shorter survival who should undergo more aggressive therapy.
The prognosis of patients with operable breast cancer is extremely variable. Recently, tremendous efforts have been made to assess the prognosis. The status of the axillary lymph nodes (AX) has been shown to be closely correlated with the prognosis (Haybittle et al., 1982) . Despite the proven prognostic value of nodal status, however, some centres have reduced the extent of AX dissection to avoid the related morbidity such as arm oedema. Therefore, there is a clear need to have accurate prognostic indices which do not involve axillary surgery. In animal models, the ability of a tumour to metastasise may be determined through the selection of metastatic cell populations in which alterations in cell surface carbohydrates have been found to significantly alter the metastatic behaviour of the tumours (Altevogt et al., 1983; Steck & Nicolson, 1983) . Currently, such differences have been detected by means of lectins, which are sugar-binding proteins and glycoproteins of non-immune origin (Goldstein et al., 1980; Leathem et al., 1984; have described a Helix pomatia lectin (HPA) isolated from the albumin gland of the Roman snail, which recognises N-acetyl-galactosaminyl residues. It apparently binds to a population of breast cancer cells which have a higher frequency of metastases to the regional lymph nodes. Expression of HPA binding site in breast cancer tissue may reflect the ability of a tumour to invade and metastasise (Fiezy, 1981; Furmanski et al., 1981) .
The c-erbB-2 oncogene encodes a 185-kDa transmembrane receptor-like phosphoglycoprotein with tyrosine kinase activity (Coussens et al., 1985; Akiyama et al., 1986 ) that is closely related in structure, but is biologically distinct from, the epidermal growth factor receptor (EGFR, c-erbB-1) (Semba et al., 1985; Yamamato et al., 1986) . It has been suggested that c-erbB-2 overexpression may play a significant role in the pathogenesis of breast disease (Berger et al., 1988) . The oncogene is amplified and overexpressed in about 15 to 30% of breast carcinomas (Slamon et al., 1989; Paik et al., 1990; Borg et al., 1991) . Several investigators have reported an association between c-erbB-2 activation and early disease recurrence or short survival, particularly in patients with AX-positive disease (Slamon et al., 1989; Wright et al., 1989; Borg et al., 1991) , whereas others have reported that c-erbB-2 has limited, if any. prognostic value (Van de Vijver et al., 1988; Thor et al., 1989) .
First in this study, we investigated the prognostic value of the HPA staining on disease-free and overall survival by univariate and multivariate analyses. Second, we attempted to assess whether HPA staining identified subsets of patients with a poorer prognosis when stratified on the basis of their c-erbB-2 status. Finally, we used multivariate analysis to ascertain whether the presence or absence of HPA staining contributed any additional prognostic information as a combined variable with c-erbB-2 status, to disease-free and overall survival models.
Materials and methods

Patients and treatments
One hundred and twenty paraffin blocks with tumour samples were available from patients with resectable breast cancer treated at the Department of Surgery II, Kanazawa University Hospital between 1978 and 1989. We selected only patients with histologically proven invasive breast carcinomas in whom AX dissection had been performed and had all resected material studied histologically. A variety of mastectomies was performed on all the patients. The resected breasts, pectoralis muscles, and the dissected axillary nodes were fixed in 10% formalin. Post-operatively, all patients underwent various adjuvant chemoendocrine therapies. They were followed until their death or through March, 1992 (Gullick et al., 1987) . The detailed procedure has been described elsewhere (Noguchi et al., 1992) . The tumours were scored by assessing the staining site (membrane and/or cytoplasm), the proportion of stained cells (0%, 1% to 49%, and 50% to 100%), and the intensity of staining (weak, +; strong, + +). If 50% or more of the tumour cells showed intense membrane staining, they were considered to be positive (c-erbB-2 +). All other cells with less intense membrane staining or more focal staining were considered to be negative (c-erbB-2-).
Statistical analysis
The HPA binding and other variables were analysed using the Chi-squared test for significant association. Follow-up data were available for the disease-free survival and the overall survival. Disease-free and overall survival were calculated as the interval from the date of the operation to the recurrence or the death of the patient from breast cancerrelated causes, respectively. For univariate analysis, the overall and disease-free survival were studied by the Kaplan-Meier method, and the log-rank test was used to analyse differences for significance. For Figure la ) and shorter overall survival (P<0.005, Figure lb) for the HPA+ group. The 10 year disease-free survival rate after surgery was 87% in the HPA-group and 60% in the HPA+ group. The survival curves for both groups displayed the same tendency (87% for the HPA -group and 63% for the HPA + group). When all variables were considered simultaneously in the multivariate model to identify which variables conveyed unique prognostic information, the results indicated that all previous prognostic factors except HPA staining and c-erbB-2 expression were independent indicators for increased risk of mortality and recurrence (Table II) .
Relationship between axillary lymph node metastases and HPA and c-erbB-2 status We compared the presence of AX metastases with both HPA and c-erbB-2 status. Patients were categorised on the basis of HPA and c-erbB-2 status: (a) HPA -and c-erbB2 -; (b) HPA -and c-erbB2 +; (c) HPA + and c-erbB2 -; (d) HPA + and c-erbB2 +. Their relationship with AX metastases was highly significant (P = 0.000001, Table III ). The synchronous expression of HPA lectin and c-erbB-2 oncoprotein was more frequent in the group with a higher incidence of histological AX metastases (54%). Moreover, if we compared the patients grouped according to their HPA status, the overexpression of the c-erbB-2 oncoprotein identified a subset of patients with an increase incidence of AX metastases (P<0.05 for the for the HPA+ group, data not shown).
Prognostic significance of HPA/c-erbB-2 status When patients were divided into the previous four groups (a to d), there was a significant trend for poorer overall survival (P <0.0002) and disease-free survival (P <0.000006) with HPA binding and c-erbB-2 overexpression (Figures 2a and  b) . The prognosis for Group (a) was significantly better than that for the other three groups (Figures 3a and b) . Figure 2a ) and shorter survival (P<0.0002, 10 year survival of 46%, Figure 2b ) compared with the other groups; this suggests that HPA staining and c-erbB-2 expression are additive as prognostic indicators and may predict for a worse prognosis when both are positive. When the c-erbB-2 expression are additive as prognostic indicators and may predict for a worse prognosis when both are positive. When the c-erbB-2 oncoprotein is overexpressed, a subset of patients is defined among the HPA-group which had a shorter survival and earlier recurrence compared to the HPA + /c-erbB2 group (Figures 2a and   b) . No attempt was made to determine whether the combination of HPA staining and c-erbB-2 expression can identify group at higher recurrence risk in both AX-positive and AX-negative groups, because the number of cases was too small in this series.
01 To investigate whether the combination of HPA staining and c-erbB-2 oncoprotein expression gives any additional prognostic information for these patients, a multivariate 1 analysis was conducted including all the prognostic factors selected in this study with the addition of the combination between HPA and c-erbB-2 status. However, this combination did not provide any additional prognostic information for overall (P = 0.3544) or disease-free (P = 0.7152) survival.
Discussion
Our data and those from other laboratories (Leathem & Brooks, 1987; Fenlon et al., 1987; Fukutomi et al., 1989; Brooks & Leathem, 1991) indicate that HPA staining may be a valuable prognostic indicator in patients with primary breast cancer and may identify subsets of patients in defined prognostic groupings who have a worse prognosis. With regard to various clinicopathologic features, however, HPA staining has been associated with endocrine receptor status (Klein et al., 1981; Fukutomi et al., 1989) , tumour stage (Leathem et al., 1985) and high nuclear grade (Fukutomi et al., 1989) , implying an association between the HPA staining and enhanced malignancy of the tumour cells. The relationship between HPA binding and lymph node metastases is controversial, however it has been reported that HPA staining was significantly related to AX metastases (Leatherm et al., 1984; Fenlon et al., 1987) , although other reports have found no significant relationship between them (Fukutomi et al., 1989; Galea et al., 1991) . Moreover, using flow cytometry and fresh breast cancer tissues, Alam et al. (1990) found a correlation between HPA staining and nodal involvement (P<0.001). This was confirmed in this study by the finding that the majority of the HPA+ tumours were associated with the presence of AX metastases. By multivariate analysis, there appears to be a significant relationship between HPA staining and AX metastases since the prognostic significance of HPA staining was lost when nodal status was introduced into the model. This confounding effect between both prognostic factors has been found by Brooks and Leathem (1991) but not by Fukutomi et al. (1989) who found that HPA binding is a more informative prognostic factor for overall survival than lymph node involvement. Although the incidence of PHA staining (48%) in this study is similar to that of Fukutomi et al. (1989) but not in agreement with the 80% incidence reported by Brooks et al. (1991) , the difference is less likely to be due to the type of staining method or source of lectin than to the overall sensitivity of the method. This may also have some general bearing on the significance of HPA staining. On the other hand, the function of the c-erbB-2 protein in normal growth and differentiation of tumour cells remains unclear. Its 50% amino acid sequence homology to EGFR suggests that the c-erbB-2 receptor may behave similarly to EGFR and be a potent growth stimulator. Several studies (Tandon et al., 1989; Wright et al., 1989; McCann et al., 1991) have reported that c-erbB-2 may be a potential predictor for the course of the disease in breast carcinoma patients. Amplification and overexpression of this gene occurs more often in AX-positive patients (Thor et al., 1989; Borg et al., 1991) as well as in tumours characterised by high grade (Paik et al., 1990; Paterson et al., 1991) , large size (Borg et al., 1991) or absence of oestrogen and progesterone receptors (Thor et al., 1989; Borg et al., 1991; Lovekin et al., 1991) . In our previous study (Noguchi et al., 1992) , c-erbB-2 oncoprotein overexpression was significantly associated with clinical stage and AX metastases.
In the present study, both HPA staining and c-erbB-2 overexpression were found to be strongly associated with the presence of AX metastases. Moreover, we found that the c-erbB-2 status was predictive of a worse disease outcome and a higher recurrence rate in both the HPA + and HPAgroups; however, of most interest is our finding that the HPA + /c-erbB2 + patients had the worst prognosis when compared with the other subgroups. Such a combined effect has been reported for c-erbB2+ and EGFR-positive patients (Wright et al., 1989) . Thus, among patients regarded as having a more favourable prognosis (HPA-group), c-erbB-2 staining identified those who might benefit from more aggressive therapy at an early stage. When HPA was assessed against c-erbB-2, a strong association has been found (P<O.O1) contrary to Galea et al. (1991) who found no relation between HPA binding and all prognostic factors tested (including c-erbB-2 status) except NCRC-11 (antipolymorphic epithelial mucin antibody). A possible explanation for discrepancy may lie in differences in the staining method and source of HPA; Galea et al. (1991) used a direct peroxidase conjugated Helix pomatia method. In the future, a study of the relationship between HPA staining and the S-phase fraction will be required to determine whether HPA staining is correlated with the proliferative ability of a tumour. Since tumours with high proliferative activity may have good responses to therapy (Bonnadonna et al., 1986) , HPA staining may assist in determining treatment strategies for particular groups of patients.
In conclusion, we have shown that HPA staining is a significant predictor for poorer disease-free and overall survival in primary breast carcinoma patients, although it was not significant by multivariate analysis. However, one should consider not only the status of HPA staining, but also the status of the c-erbB-2 oncoprotein to discriminate more precisely sub-populations with a high recurrence risk and short survival who might benefit from more aggressive therapy. This combination would provide a valuable prognostic information for breast cancer patients in whom axillary lymph node dissection has not been performed.
